SUMMARY The effect of the unconjugated bile acids, cholic, deoxycholic, chenodeoxycholic, and ursodeoxycholic acids, and of the conjugated bile acid taurocholic acid on the mucosal-to-serosal transport and tissue uptake of the naturally occurring folate derivative, 5-methyltetrahydrofolate (5-CH3H4PteGlu) was examined in everted sacs of rat jejunum. Each of the unconjugated bile acids examined inhibited the transport and tissue uptake of 5-CH3H4PteGlu in a concentration dependent manner. At low concentrations (0.01-0.1 mM) of cholic and deoxycholic acids, no structural or functional damage to the intestinal mucosa occurred and the transport of 5-CH3H4PteGlu was inhibited competitively with Ki values of 0-114 mM and 0O055 mM for cholic and deoxycholic acids, respectively. The greater inhibition of 5-CH3H4PteGlu transport by unconjugated bile acids at 1 mM can be attributed to observed structural and functional damage to the intestinal mucosa. The addition of 2 mM lecithin to the mucosal medium failed to prevent the inhibitory effect of 0.1 mM deoxycholic acid on the transport of 05 UM 5-CH3H4PteGlu. Compared with the effect of unconjugated bile acids, the conjugated bile acid taurocholic acid (0.01-5 mM) showed no effect on the transport and tissue uptake of 5-CH3H4PteGlu. The results of this study show that intestinal transport and tissue uptake of 5-CH3H4PteGlu are inhibited by unconjugated bile acids in a dose-dependent fashion. The clinical and physiological implications of these observations are discussed.
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We have shown previously that the transport of the naturally occurring folate derivative 5-methyltetrahydrofolate (5-CH3H4PteGlu) by rat jejunum in vitro takes place by two systems: (1) an active, carrier-mediated process (Kt=0.3 ,uM) which is pH, Na+, glucose, and energy dependent, and (2) diffusion, which is pH and energy independent and operates at high (>1 ,M) concentrations.1-3 These observations have been confirmed in our laboratory in vivo in the unanaesthetised rat (unpublished data). Most of the previous studies describing the intestinal transport of 5-CH3H4PteGlu and other folates have been performed in vitro. Therefore, the effect of intraluminal factors such as unconjugated and conjugated bile acids on the transport process have not been previously explored. In this study we describe the effect of unconjugated cholic, deoxycholic, chenodeoxycholic and ursodeoxycholic acids and of a conjugated bile acid taurocholic acid on the intestinal transport and tissue uptake of 5-CH3H4PteGlu in everted sacs of rat jejunum. We found that unconjugated bile acids are potent inhibitors of the transport and tissue uptake of 5-CH3H4PteGlu while the conjugated bile acid taurocholic acid had no effect.
Methods

MATERIALS
The following materials were obtained commercially: unlabelled 5-CH3H4PteGlu, cholic acid-sodium salt, deoxycholic acid-sodium salt, chenodeoxycholic acid, ursodeoxycholic acid, taurocholic acid-sodium salt (Sigma Chemical Co); 5-14CH3H4PteGlu-barium salt (specific activity 58 mCi/mmol) (Amersham/Searle Corp, Des Plaines, Il); scintillation cocktail, Aquamix (Westeren Product). All chemicals were of analytical quality.
The radiochemical purity of 5-14CH3H4PteGlu was determined on cellulose precoated thin layer chromatography plates using 0*1 M phosphate buffer, pH 7, containing 5% mercaptoethanol and was found to be 98%. TRANSPORT 
STUDY
Fed male Sprague-Dawley rats weighing 180-250 g were used. The animals were stunned by a blow to the head followed by cervical dislocation. The abdomen was opened and the proximal jejunum was removed, washed with cold phosphate buffer and divided into four segments of 6 cm each. Everted sacs were then prepared as described previously.t The serosal solution consisted of 0-4 ml of the same buffer used for incubation. The sacs were incubated in 10 ml Erlenmeyer flasks containing 6 ml of the incubation medium which was continuously oxygenated with 95% 02 and 5 % CO2. The incubation was carried out at 37°C in a shaking water bath at 80 oscillations per minute. Incubation time of 30 minutes was based on our previous studies which showed that the rate of transport and tissue uptake of 5-CH3H4PteGlu remained linear throughout this time period.14 The sacs were then removed and washed and the serosal medium was drained into a scintillation vial containing 6 ml of the scintillation cocktail. After the tissue had dried for 12 hours at 60°C, it was combusted in a biological material oxidizer (Packard model B 306, Packard Instruments Company, Il) and its 14C02 was collected for radioactivity determination.
The incubation medium contained 110 mM NaH2PO4, 35.2 mM NaCl, 5-5 mM KCl, 1.8 mM MgSO4 and 20 mM glucose. Sodium ascorbate (3 mg/ml) was added to the incubation medium as an antioxidant. The pH of the incubation medium was adjusted to 6.1 with 1 M NaOH. Labelled and unlabelled 5-CH3H4PteGlu and the bile acid under investigation were added to the incubation medium at the onset of the experiment. Cholic acid, deoxycholic acid and taurocholic acid formed clear solutions, while chenodeoxycholic acid and ursodeoxycholic acid were only partially soluble.
Results
The effect of unconjugated cholic, deoxycholic, chenodeoxycholic, and ursodeoxycholic acids on the mucosal-to-serosal transport of 5-CH3H4PteGlu is shown in Table 1 . All the unconjugated bile acids used in this study inhibited the mucosal-to-serosal transport of 5-CH3H4PteGlu. The inhibition Values are mean±SEM.
The number of experiments at each specific point is indicated in parentheses.
increased as the concentration of the unconjugated bile acids in the mucosal medium was increased. Using a plot of the reciprocal of the mucosal-toserosal transport rate of 0-1 and 0.5 ,M 5-CH3H4PteGlu against the inhibitor concentrations of 01 mM and lower,5 we found a competitive type of inhibition with Ki values of 0.114 mM and 0.055 mM for cholic acid and deoxycholic acid, respectively (Fig. la, b) . Tissue uptake of 5-CH3H4PteGlu was inhibited also by the unconjugated bile acids in a concentration dependent manner ( Table 2 ). The addition of 2 mM lecithin to the mucosal medium did not protect the 5-CH3H4PteGlu transport system against the inhibitory effect of 0-1 mM deoxycholic acid. Mucosal-to-serosal transport rates of 0-5 ,uM 5-CH3H4PteGlu of 0-35±0-07, 0-17±0-02 and 0.16±0.01 nmol/g initial tissue wet wt/30 min were observed for untreated, 0-1 mM deoxycholic acid treated, and 0-1 mM deoxycholic acid plus 2 mM lecithin treated sacs, respectively.
At the concentrations used in these studies (0.01-5 mM), the conjugated bile acid taurocholic acid showed no effect on the transport or tissue uptake of 0-5 ,M 5-CH3H4PteGlu (Table 3) (4) 1.30±0.10 (4) Values are mean±SEM. The number of experiments at each specific point is indicated in parentheses.
Discussion
Our data show that unconjugated cholic, deoxycholic, chenodeoxycholic, and ursodeoxycholic acids are potent inhibitors of the intestinal mucosal-to-serosal transport and tissue uptake of 
